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I.  INTRODUCTION 

A.  Tonnage  quantities  of  hydrazine  were  being  produced  for  use  as  a 
rocket  fuel  in  Germany  in  19Ult . Although  theoretically  capable  of  producing 
specific  impulses  considerably  greater  than  fuels  such  as  aniline  or  ethyl 
alcohol  (because  of  its  heat  of  formation  of  +12.0  Kcal/mole  and  the  low  mean 
molecular  weight  of  its  combustion  products),  hydrazine  has  a freezing  point 
that  requires  the  use  of  additives  to  depress  it  to  the  Service  requirement  ox 
-65°F  (-5U°C).  The  freezing  point  of  nethylhydrazine,  on  the  other  hand,  is 
-52 .4°C,  and  mixtures  of  this  compound  with  hydrazine  or  other  alky lhy dr az ine  s 
might  have  freezing  points  well  below  the  Service  requirement.  Since  the 
addition  of  a limited  number  of  esc  ui  atoms  to  otherwise  acceptable  mole- 
cule does  not  seriously  affect  specific  impulse,  these  derivatives  should  be 
outstanding  fuels  for  rockBt  propulsion. 

B.  During  an  investigation  at  Aerojet,  an  extensive  collection  of 
references  on  the  general  subject  of  alkyl  hydrazines  was  assembled.  'Jhile 
this  list  is  by  no  means  to  be  considered  complete,  it  does  contain  a large 
part  of  the  fundamental  knowledge  reported  on  this  subject.  References  were 
obtained  from  Beilstein*s  "Handbuch  der  Organischen  Chemie,n  "Chemical  Ab- 
stracts," and  from  references  found  in  turn  from  the  primary  sources.*  For 
an  excellent  general  review  of  hydrazine,  "The  Chemistry  of  Hydrazine,"  by 
L.  F.  Audrieth  (l)  should  be  consulted,  and  for  a broader  (but  less  recent) 
discussion  of  hydrazine  derivatives,  "Die  Hydrazine,"  by  H.  Tfteland  (2)  is 
still  worth  while. 

C.  Compounds  considered  here  have  not  been  restricted  to  those 
possessing  all  the  requirements  of  high-energy  rocket-  fuels.  This  was  found 
to  be  advantageous  in  that  an  overall  picture  of  preparative  methods  is 
obtained,  and  a trend  in  physical  properties  can  be  noted.  No  single  sub- 
stituted group  larger  than  propyl  is  included,  however,  and  all  the  compounds 
are  liquid  at  room  temperature. 

II.  NOMENCLATURE 

A.  ALKTIHYDRAZINES 

1.  Examples  of  all  the  possible  aUylhydrazines  have  been  pre- 
pared. The  mono-derivatives  are  sometimes  called  hydrazine  compounds  (e.g,, 
hydraz inome thane , CH3NHNH2),  but  more  commonly  by  the  alternative  name,  methyl- 
hydrazine,  etc.  The  di-substituted  derivatives  are  of  two  types;  for  example, 
unsym.-diethylhydrazlne  or  1, 1-diethylhydrazinc  is 

Etv  H 
N-N 
Et'' 


A list  of  references  is  given  at  the  end  of  this  report,  and  numbers  in 
parent!. xses  refer  to  this  list. 
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as  distinguished  from  sym. -diethylhydrazlne  or  1,2-diethylhydrazine, 


Et.  ^Et 
N--N 

H''  Nri 


The-  latter  is  also  called  hydrazoe  thane . 

2,  Tri-  and  tetra-derivatives  are  named  with  consideration  for 
the  rules  applying  to  the  di-derivatives,  1, 2-Dime thyl-l-isopropylhydrazine 
might  also  be  called  syms-dimethyl-isopropylhydrazine  or  isopropyl-hydrazo- 
raethane , 

B.  HYDRAZONES  AND  AZINES 


1.  Hydrazine  and  those  of  its  organic  derivatives  with  one  nitro- 
gen unsrubstituted  are  capable  of  condensing  with  aldehydes  and  ketones.  Hydra- 
zones  are  formed  by  the  reaction  of  one  mole  of  -ildehydo  or  ketone  with  one  of 
a hydrazine; 

RCHO  + N2Eu ->  RCR-*N-NH2  * ^2° 

R R 

Vc  + NoK, v*  Vv-IBfc  * H2C 

R R'' 


Hydrazine  can  condense  with  two  moles  of  aldehyde  or  ketone,  giving  an  azine: 
2RCH0  + i;2H|, -v  + 2H«>0 


R. 


2 )>0  + N2Hj|- 

R 


->  JON-N"Cv  + 21^0 


The  reactions  are  reversible  to  the  extent  that 

N2i%  + RCR=N-N»CHR > 2RCH»N-NH2 


2,  Examples  of  the  typical  nomenclature  are:  formalhydrazone, 

CH23N-NH2  J acetone  isopropyl-hydrazone, 

CH3  ^Iso.-V 

VC*N-N  j 

CH3  H 


nethyl  ethyl  ketone  unsym.-direthylhydrazone. 


Mev  j£e 

C-N-N^  j 
Et'  Me 
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acetaldazine,  C^CB^N-N^CHCl^;  and  me thylpr opylke taz ine , 

Me^  Ue 

C-N-N-C 
p/  ^Pr 

III.  PROPERTIES  OF  ALKYIHYDRAZINES^ 

A.  The  mono-  and  di-alky  Ihydraz ine 3 are  colorless,  hygroscopic  liquids 
of  lower  density  than  water.  They  fume  in  air  and  have  an  odor  typical  of 
ammonia  and  amines.  Although  the  sym.-di-substituted  derivatives  are  only 
weakly  basic,  the  mono-  and  unsym. -di-subs titu ted  derivatives  are  more  basic 
than  hydrazine.  Hydrazine  is  a strong  reducing  agent,  the  reducing  power  de- 
creasing with  increasing  alkyl  substitution.  All  of  these  compounds  form  solid 
salts  with  mineral  acids,  which  affords  an  excellent  method  of  isolating  them. 
The  free  bases  are  known  to  attack  cork  and  rubber,  and  they  readily  oxidize 

in  an  atmosphere  of  air.  Most  of  them  are  miscible  in  water  at  room  tempera- 
ture ardin  organic  solvents  such  as  methanol,  ethanol,  ether,  chloroform,  and 
benzene.  The  methyl  derivatives  dissolve  exothermally  in  water.  Unlike  hydra- 
zine, there  is  no  reported  evidence  of  azeotrope  formation  with  water. 

B.  Tri-alkyl  and  tetra-alkyl  derivatives  of  hydrazine  are  also  color- 
less, clear  liquids.  Their  viscosity  increases  with  increasing  length  of  the 
substituent  groups.  They  are  even  weaker  bases  than  the  gym ,-di-substitated  de- 
rivatives, and  do  not  form  solid  salts  with  mineral  acids.  However,  the  tri- 
alky lhydrazines  are  capable  of  forming  nitroso  derivatives,  a characteristic 
common  to  the  mono-  and  sym. -di-alkyl  members  of  the  series.  The  higher  alkyl 
compounds  are  insoluble  in  water  and  alkaline  solutions,  and  slightly  soluble 

in  acids  and  methanol.  Most  organic  solvents  and  lower  ally  lhydrazines  are 
miscible  with  them. 

IV.  PREPARATION  OF  ALKYL  DERIVATIVES 

A.  GENERAL 

1.  The  investigations  recently  made  by  Westphal  contributed 
greatly  to  the  chemistry  of  the  alky  lhydrazines  (3).  In  attempting  the  syn- 
theses of  these  compounds  by  the  direct  alkylation  of  hydrazine,  he  found  that 
the  shorter  the  alkyl  group,  the  more  difficult  it  was  to  prepare  the  deriva- 
tive. He  reports  the  following  yields  from  reactions  conducted  under  similar 
conditions:  tripropylhydrazine,  2$%\  triallylhydrazine,  12#;  trie thylhydraz ine, 

9.8# ; and  no  yield  of  the  methyl  derivative.  Primary  alkyl  chlorides  produce 
trialkyl  derivatives;  secondary  alkyl  chlorides  yield  di-alky lhydrazines;  and 
tertiary  alkyl  chlorides  form  only  the  mono-alkylhydrazine . An  investigation 
of  the  effect  of  temperature  was  also  made. 


*For  a brief  discussion  of  the  properties  of  the  alkylhydrazines,  consult 
Beilstein  System  Nos.  366  and  387,  Detailed  physical  properties  of  the 
individual  compounds  are  listed  in  Table  I. 
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2,  The  direct,  exhaustive  methyl  at  ion  of  hydrazine  with  methyl 

iodide  initially  produces  methylhydrazine,  then  unsym. -dime thy lhydrazine,  and 
finally  the  salt  trimethylhydrazonimn  iodide.  Harries  and  Haga  (4)  found  the 
ratio  of  hydrazine  to  methylation  agent  (R  “ moles  N2H4/moles  CH^)  to  be  quite 
significant:  for  R =•  2,  no  hydrazonium  salt  formedj  R " 1.5,  slight  salt 

formation;  R “ 0.25,  bydrazouium  salt  is  formed  quantitatively.  The  ethylation 
of  trie thylhydr az ine  by  ethyl  chl.oride  produced  only  a 105?  yield  of  the  tetra- 
ethylhydrazine,  the  main  product  being  the  hydrazonium  salt.  Westphal  also 
observed  the  influence  of  halogen  atoms  by  alkylation  with  butyl  halides: 

% Yield  % Yield 

Tri-alkyl  derivatives  Hydrazonium  salts 

Butyl  bromide  13  50 

Butyl  chloride  36  15 

Judging  from  the  results  of  the  syntheses  of  tetra-alkyl  hydrazines  by 
Westphal  and  Eucken  (5),  it  appears  that  the  tendency  toward  azonium  salt 
formation  is  greater,  the  smaller  the  substituent  groups.  This  explanation 
may  account  for  the  difficulty  in  preparing  trimethyliydr azine , and  espe- 
cially tetramethylhydrazine,  by  the  direct  route. 

3.  Most  of  the  syntheses  involved  drying  the  aqueous  free 
bases  over  solid  alkali  (sodium  or  potassium  hydroxide).  In  the  majority 
of  instances,  potassium  hydroxide  was  the  drying  agent  employed  (4,  6,  7, 

8,  9,  10,  11).  Sodium  hydroxide  i3,  however,  reportedly  a more  powerful 
agent  (l,  p.  48).  The  final  distillation  of  the  free  base  was  usually  made 
from  barium  oxide  (12,  13,  5). 

a.  In  sane  cases,  the  derivative  decomposed  in  the  pres- 
ence of  these  drying  agents.  Brown  reported  explosions  in  his  attempts  to 
distill  methylhydrazine  from  barium  oxide  (l4),  and  the  ethylhydfcazine  pre- 
pared by  him  decomposed  while  standing  over  either  potassium  hydroxide  or 
barium  oxide  (15).  Isopropyl  derivatives  proved  extremely  sensitive  to  dry- 
ing agents  and  Lochte  (8)  found  that  aluminum  amalgam  or  metallic  sodium 
were  the  only  suitable  dehydrating  agents.  He  comments  that  metallic  sodium 
may  be  used  as  a rapid  dehydrating  agent,  but  it  is  difficult  to  remove  the 
dried  base  from  the  sodium  hydroxide  formed  without  considerable  loss  of 
product.  Either  method  gives  results  far  superior  to  those  obtained  with 
barium  oxide.  Even  more  recently.  Glass  and  Aston  (l6)  used  calcium  hydride 
to  dry  trimethylbydrazine . Attention  is  called  to  the  fact  that  an  explosive 
hydrazide  is  formed  with  sodium  and  hydrazine,  and  the  method,  if  used  at  all, 
should  be  used  with  caution. 

b„  The  most  significant  technique  for  concentrating 
elkylhydrazines  involves  the  separation  into  two  liquid  phases,  which  occurs 
when  either  sodium  hydroxide  or  potassium  hydroxide  is  added  at  room  tempera- 
ture to  aqueous  solutions  of  the  mono-  or  dj.-alkyl  derivatives.  The  method 
was  first  employed  by  Harries  and  Haga  for  the  concentration  of  uns^m. -dimethyl- 
hydrazine  (4).  Subsequently  it  was  used  to  recover  diisopropylhydrazine  (7), 
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ethylhydrazine  (1$),  trimethylhydraaine  (16),  and  even  methylethylketasine 
(10; . This  i s the  same  phenomenon  recently  observed  at  temperatures  above 
60°C  by  Audrieth  and  Penneman  for  the  system  hydrazine-water -sodium  hydroxide, 
although  sodium  hydroxide  was  the  only  successful  compound  of  the  many 
salting-out  agents  investigated  by  them  for  hydrazine  hydrate  (l7). 

B.  M0N0-SU3STITUTED  DERIVATIVES 
1.  Methylhydrazine 

a.  Methylhydrazine,  the  simplest  member  of  the  alkyl- 
hydrazine  series,  is  commonly  prepared  by  methylation  of  benzalazine  (the 
condensation  product  of  hydrazine  with  benz aldehyde)  by  methyl  sulfate  in 
benzene.  Ths  reaction  product  is  hydrolyzed  to  produce  methylhydrazine  sul- 
fate, CH3NHNH0 •HgSOh  (18,  19).  The  yield  is  76  to  83£  according  to  Thiele, 
but  purification  by* the  method  in  Reference  18  lowers  the  yield  to  5l  to  5k%. 

This  procedure  has  consistently  met  with  success  (20,  21,  1?).  Another  recom- 
mended method  involves  the  reduction  of  N-nitroso-N-methvlurea  with  zinc  dust- 
in  acetic  acid,  followed  by  isolation  as  the  sulfate  (12) . In  each  case,  the 
free  base  can  be  liberated  from  the  acid  salt  by  adding  solid  alkali,  subse- 
quently refluxing  the  mixture  and  distilling.  The  distillate  contains  appre- 
ciable quantities  of  water  and  must  be  dehydrated  by  prolonged  drying  over 
fused  alkali  and  subsequent  distillation  from  barium  oxide.  Aston  (20)  has 
reported  purities  as  high  as  99.75  mole/';  this  material  had  been  concentrated 
by  fractional  melting  (??)  and  -vras  used  to  study  the  thermodynamic  properties. 
Although  the  reactions  p'cbably  have  little  preparative  value,  methylhydra- 
zine was  formed  in  the  following  instances: 

(1)  by  reduction  of  methylnitramine  (23) 

(2)  by  shaking  an  aqueous  solution  of  hydrazine 
hydrate  with  an  excess  of  methyl  iodide,  forming 
also  1, 1-dir.c thylhydraalrc  and  1 ,1,1-trimethyl- 
hydrazonium  iodide  (-0 

(3)  by  the  reduction  of  diazemethar  a with  sodium 
amalgam  in  alcohol  (2U) 

(U)  by  cleavage  of  azomethane  with  concentrated  HC1  (25) 

(5)  by  reduction  of  U-amino-l,2,U-triazole  with  zinc 
dust  and  acetic  acid  (26) 

(6)  by  the  thermal  decomposition  of  the  hydrochloride 
of  hydrazine-carbonic  acid  methyl  ester  (6) 

(7)  by  refluxing  nitro 3 ome thylhydr azine-sulf oni c acid 
with  concentrated  KOI  (27) 
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(8)  by  the  action  of  chloroform  on  refluxing  hydra- 
zine in  the  presence  of  alcoholic  KOH  (28) 

(9)  by  the  reduction  of  sodium  methyl-isodiazotate 
with  aluminum  in  alkaline  solution  (19) 

(10)  by  the  hydrolysis  of  equivalent  quantities  of 

me  thy  lamina  and  hydrcaylamine-o-sulfonic  acid  in 
boiling  rater,  or  better  in  boiling  dilute  NaOH 
(29) 

(11)  by  reduction  of  nitromethylurethane  (30) 

(12)  by  direct  alkylation  with  dimethyl  sulfate  (l5,  19) 

(13)  from  methylurea  by  the  Hofmann  rearrangement  (15) 

(lii)  by  the  reductive  cleavage  of  1, 2-dimethyI-l-phenyl- 
2-nitroso-hydrozine  (31) 

b.  Some  of  the  methods  are  worthy  of  further  consideration. 
Thiele  has  suggested  tne  substitution  of  dimethylketazine  for  benzalazine, 
and  this  far  the  relative  merits  have  not  been  investigated.  The  use  of  methyl 
chloride  as  the  methylating  agent  for  the  azine  has  not  been  attempted. 
Diazomethane,  prepared  by  Staudinger's  method  (28),  could  be  absorbed  in 
hydrazine  methylating  it  at  the  expense  of  liberated  nitrogen. 

2.  Ethylhydr  azine 

Fischer  prepared  ethylhydr  azine  by  the  reduction  of  N-nitroso- 
N,N* -diethyl  urea  with  zinc  dust  in  alcoholic  solution  (9).  Prolonged  digestion 
of  2,U-diethyl-semicarbazide  with  HC1  cleaves  it,  precipitating  ethyl-hydrazine 
as  the  hydrochloride . The  free  base  may  be  recovered  in  the  manner  described 
for  methylhydrazine . A more  recent  method  of  preparation  involves  the  direct 
ethylation  of  anhydrous  hydrazine  with  ethyl  sulfate  in  an  absolute  alcohol 
solution  of  KOH;  the  yield  was  32%  recovered  as  the  hydrochloride,  with  80% 
recovery  of  the  free  base  (l£) . E thylhydr azine  has  also  been  prepared  by 
direct  ethylation  using  ethyl  chloride,  although  the  predominant  products  were 
the  di-  and  tri-ethyl  derivatives  (3).  The  compound  was  reportedly  identified 
in  the  following  reactions: 

a.  The  reduction  of  ethylnitramine  with  zinc  and  HC1 

(and  perhaps  also  by  electrolytic  reduction)  (23) 

b.  as  the  sulfate,  from  the  Grignard  reaction  between 

CgHrMgl  and  diazo-ethylacetate,  subsequently  refluxed 

with  dilute  sulfuric  acid  (32) 


Thiele  has  suggested  the  reaction  between  ethyl  bromide 
for  the  preparation  of  ethylhydr  azine . 


cvi  i\x  UJJUC,  U11J  XIVC  VdZiJUIt? 
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3.  Propylhydrazine 

Propylhydrazina  has  been  formed  by  the  reaction  between 
potassium  propyl  sulfate  and  hydrazine  in  boiling  water,  analogous  to  the  methyl 
sulfate  and  ethyl  sulfate  alkylations  (33,  3U).  The  partial  hydrogenation  and 
subsequent  hydrolysis  of  propionaldazine  affords  another  method  (35) . TTestphal 
found  that  direct  alkylation  with  propyl  chloride  yields  the  compound,  although 
conditions  must  be  controlled  to  prevent  further  substitution  (3) . 

1*.  Isopr  opylhydr azine 

During  a study  of  this  derivative  one  of  the  most  elegant 
methods  of  preparing  alkyl  derivatives  was  developed  by  Lochte  and  co-workers. 

As  applied  to  the  preparation  of  isopr opylhydrazine,  it  involves  mixing  equi- 
molar quantities  of  acetone  and  hydrazine  hydrate  in  HC1,  and  subsequent  hydro- 
genation in  the  presence  of  colloidal  platinum  (8),  The  same  investigators 
prepared  it  in  60  to  70$  yield  by  treating  azo-isopropane  with  alcoholic  HC1 
or  with  a solution  of  HC1  in  ether  or  benzene  (36).  fields  as  high  as  95% 
have  been  reported  (37,  38).  The  compound  is  also  formed  in  the  following 
reactions : 


a.  the  hydrolysis  of  acetone-isopropylhydrazone  with 
water  or  dilute  HC1  (8) 

b.  the  hydrolysis  of  1 -isopropyl-semicar bazide  with  80$ 
sulfuric  acid  (39) 

VTestphal  directly  alkylated  hydrazine  with  isopropyl  chloride,  and  reported 
that  he  obtained  a moderate  yield  of  di-substituted  derivatives,  but  made  no 
mention  of  the  mono-compound  (3) . 

5.  Allylhydrazine 

The  hydrochloride  of  allylhydrazine  has  been  prepared  in 
3k%  yield  by  heating  an  alcoholic  solution  of  allyl  chloride  with  hydrazine 
hydrate  (1*0). 

C.  DI-SUBSTITUTED  DERIVATIVES 

1.  unsym.-Dimethylhydrazine 

u nsym.-Dimethylhydr azine  was  the  first  al.kyl  derivative  to  be 
prepared  (1*1).  A highly  efficient  method  for  preparing  the  hydrochloride  of 
this  compound  involves  the  reduction  of  the  nitroso  derivative  of  dimethylamine 
with  zinc  dust  in  acetic  acid  solution  at  room  temperature.  Crude  yields  are 
77  to  83$  of  theoretical;  purification  reduces  the  yields  to  69  to  73$  (ll,  1*2, 
21) . An  improved  method,  recently  reported,  employs  lithium  aluminum  hydride 
as  the  reducing  agent  for  nitrosodimethylamine ; 78$  yields  can  be  obtained  (1*3). 
Add! ti oral  methods  of  formation  include  the  following: 
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a,  methylation  of  lydrazine  hydrate  with  methyl  iodide, 
using  a sufficient  quantity  of  hydrazine  to  prevent 
formation  of  trims thylhydrazonium  iodide  (4) 

b,  reduction  of  d5  -^ethylnit ranine  with  zinc  dust  and 
acetic  acid  '1*4) 

c,  dry  distillation  of  trimethylhydrazonium  hydroxide 
under  reduced  pressure  (19$  yield)  (4) 

d,  electrolytic  reduction  of  dime  thy  Ini  tramine  in  10$ 
sulfuric  acid  on  a tinned  copper  cathode  (30) 

e,  prolonged  refluxing  of  diraethylcarband.de  acid  azide 
in  xylene  and  heating  the  insoluble  portion  with 
concentrated  HC1  in  an  autoclave  (45) 

f , the  reaction  between  dimethylandne  and  anddoper- 
sulfuric  acid  (46) 

Harries  and  Haga  (4)  methylated  hydrazine  with  methyl  iodide,  producing  methyl- 
hydrazine,  1 , 1-dime thy  lhydrazine , and  the  quaternary  hydrazonium  salt.  Under 
controlled  conditions,  they  obtained  greater  than  90$  yields  of  the  salt,  but 
as  recovery  of  the  substituted  hydrazine  is  an  inefficient  step  from  this 
material,  the  process  is  not  practical, 

2,  1, 2 -Sinrethy lhydrazine 


The  recommended  method  of  preparing  this  compound  involves 
the  methylation  of  sym.  -dibenzoylhydrazine  (made  in  66  to  75$  yield)  with 
dimethyl  sulfate  to- form  1, 2-dibenzoyl-l, 2-dimethylhydrazine,  followed  by 
hydrolysis  with  HC1,  The  product  is  obtained  in  up  to  93$  yields  of  the  crude 
dihydrochloride  salt;  purification  cf  this  salt  results  in  a yield  of  pure 
product  of  78$  (47,  48,  49)*  A similar  preparation  involves  the  methylation 
of  sym,-dif orrayihyiraziiB followed  by  HC1  hydrolysis  (25,  50),  Both  these 
preparations  emphasize  the  need  for  both  nitrogen  atoms  to  be  protected  by 
substituents  in  order  to  form  a symmetrically  substituted  alkyl  derivative 
of  hydrazine j steric  hindrance  prevents  large  acetyl  groups  from  substituting 
unsymmetri cal ly,  which  is  the  common  tendency  (4).  Thiele  has  reported  that 
azomethane  can  be  reduced  quantitatively  to  sym . -dimethy lhydrazine  with  zinc 
dust  in  alkaline  solution  or  with  sodium  amalgam  (25).  Reactions  leading 
to  the  formation  oi  varying  quantities  of  sym,-dimethylhydrazine  include: 

a.  basic  hydrolysis  of  1-methylpyrazoleiodomethylate  (5l) 

b.  the  thermal  decomposition  of  1,2,3-trimethylpyrazolone 
with  alcoholic  KOH  at  190°C  (52) 

c.  the  thermal  decomposition  of  the  reaction  product  ox 
dime thylamine  with  azo-dicarboxylic  acid  diethylester 

(53) 
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d,  the  hydrolysis  of  N-nitroso-s^.-dimothylhydrazine 
Trith  HGl  (19) 

e,  the  hydrolysis  of  the  addition  compound  of  sodium 
and  azomethane  (5U) 

3»  1, 1-Die thy lhydrazine 

According  to  Fischer  nitroso-diethylamine  can  be  successfully 
reduced  -with  zinc  dust  in  aqueous  solution  to  unsym. -diethylhydrazine  (9), 

The  direct  ethylation  of  hydrazine  with  ethyl  chloride  should  produce  1,1-di- 
ethylhydrazine  predominantly  under  controlled  conditions  (3),  although  West- 
phal's  reported  yield  is  lew  (1C£) , 1, 1-Die thylhydrazine  was  identified  as  a 

reaction  product  after  1-hydr  oxy-3 , 3 -diethylurea  was  thermally  decomposed  at 
2 5 mm  pressure  (55) . 

h,  1, 2 -Diethylhydrazine 

Hydrolysis  of  1, 2-dif ormyl-1, 2-diethylhydrazine  (prepared 
in  h0%  yield)  by  refluxing  with  excess  concentrated  HC1  affords  a method  of 
preparing  sym. -diethylhydrazine,  in  the  manner  identical  with  the  preparation 
of  the  dimethyl  derivative  (56),  It  is  unlikely,  however,  that  direct 
ethylation  of  hydrazine  with  ethyl  chloride  would  produce  this  compound  in 
appreciable  yields  under  any  conditions,  because  the  unsym , -derivative  would 
predominate , 

5,  Dipropylhydrazine 

This  compound  has  only  been  prepared  as  a by-product  in  the 
preparation  of  tripropylhydrazine  by  the  action  of  propyl  chloride  on 
hydrazine  (3), 

6,  1 . 1-D ii a u pr opylhydr az ine 

ICLages  reduced  diisopropylnitrosamine  with  zinc  dust  and 
acetic  acid  to  obtain  a U 0£  yield  of  unsym. -diisopropylhydrazine  (13). 

Westphal  also  prepared  mixed  diisopropyl-derivatives  in  U9%  yields  by  the 
direct  alkylation  of  hydrazine  with  isopropyl  chloride  (3).  KLages  performed 
the  same  reaction  using  isopropyl  brondde  (13)* 

7,  1, 2-Dllsopropylhydrazine 

Catalytic  reduction  of  dime  thy Ike taz  ine , the  condensation 
product  of  2 moles  1 acetone  7d.th  1 mole  of  hydrazine,  produces  sym.-diiso- 
pr  opylhydr  az  ine  in  90%  yields  (7,  57)  = Similarly,  acetone  isopr  opylhydr  a zone 
can  be  reduced  quantitatively  in  the  presence  of  colloidal  platinum  (8). 
Hydrogenation  of  diisopropyldiimide  in  the  presence  of  colloidal  platinum  (58) 
or  reduction  of  that  compound  with  sodium  amalgam  or  sodium  in  alcohol. 
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effectively  produce  sym. -diisopropyl  hydrazine  (8).  This  particular  derivative 
of  hydrazine  is  especially  sensitive  to  oxidation.  The  usual  procedure  of 
dehydrating  hydrazines  with  barium  oxide  decomposed  diisopropylhydrazine,  and 
only  aluminum  amalgam  was  effective  in  producing  material  of  99 $%  purity  (8). 

8,  1, 1-Diallylhydrazlne 

Diallylhydraaine  was  prepared  by  digesting  1, 1-diallylhydrazine- 
2 -carbonic  acid  methyl  ester  with  hydrazine  under  vigorous  conditions  (59), 

D tally lhydrazine  was  also  prepared  by  alkylating  hydrazine  with  ailyl  chloride 

(3). 


9.  l-jiethyl-2-isopropylhydrazine 

Methylation  of  1, 2-dibenzoyl-l-isopropylhydrazine  produced 
a substituted  hydrazine  which  was  decomposed  with  HC1  to  l-methyl-2-isopropyl- 
hydrazine,  the  first  mixed  alkyl  hydrazine  to  be  prepared  (6o).  Material  of 
99, 8#  purity  was  obtained  in  50/»  yield  by  drying  over  aluminum  amalgam, 

D.  TRI-SUBS? nOTED  DERIVATIVES 

1,  Trimethylhydrazine 

By  the  reduction  of  formaldehyde  un3ym. -dime thy lhydraz one 
(l,l-dimethyl-2-metfcylenehydrazine)  with  lithium  aluminum  hydride,  the  lowest 
trialkyl  derivative  of  hydrazine  can  be  prepared  in  h9%  yield  (l6).  Tri- 
methylhydrazine  is  also  reportedly  prepared  in  20  to  29%  yield  by  the  action 
of  methyl  iodide  on  the  reaction  product  of  1, 2-dimethylhydrazine  and  methyl 
magnesium  bromide  (13). 

2,  Triethylhydrazine 

This  compound  was  prepared  by  Westphal  and  Eucken  in  h$% 
yield  by  the  aclxon  of  the  methyl  Grignard  reagent  on  formaldehyde  unsym.- 
diethylhydrazone  (5),  It  occurs  as  a by-product  (9.S%  yield)  in  the  direct 
ethylation  of  hydrazine  by  ethyl  chloride  (3), 

3 , Tripropylhydrazine 

Propyl  chloride  is  capable  of  alkylating  hydrazine  lo  form 
the  tripropyl  derivative  in  ?.$%  yield  (3).  Some  of  the  mono-  and  di-substitu  ted 
compounds  are  formed. 

U.  Triallylhydrazine 

The  yield  of  triallylhydrazine  is  only  12%  from  the  reaction 
between  ailyl  chloride  and  hydrazine  (3).  In  comparison  ailyl  bromide  and 
ailyl  iodide  gave  no  yield  of  this  derivative. 
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5.  Triisopropylhydrazine 

Triisopropylhydrazine  has  been  prepared  in  1C$  yield  by  the 
direct  alkylation  of  hydrazine  using  isopropyl  bromide  (13). 

6.  1, 1 -Dime  thy  1-2 -e  thy  lhydrazine 

A yield  of  65%  is  reported  by  KLages  for  this  mixed  tri- 
substituted  alkylhydrazine . It  was  made  by  the  reaction  of  methyl  magnesium 
bromide  with  formaldehyde  unsym, -dime  thy lhydrazone  (13) . 

7.  1, 2 -Dimethyl-l-isopropy  lhydrazine 

sym.-Dlmethylhydrazine  can  be  alkylated  by  isopropyl  bromide 
to  prepare  sym.-dimethyl-isopropylhydrazine  in  51%  yield  (13)  • 

E.  TETRA- SUSST ITUTED  DERIVATIVES 

1.  Tetramethylbydrazine 

The  tetramethyl  derivative  of  hydrazine  has  not  yet  been 

prepared, 

2.  Tetraethylhydrazine 

In  the  presence  of  magnesium  hydroxide,  triethylhydrazine 
is  alkylated  by  ethyl  chloride  to  produce  tetraethylhydrazine  in  10,2%  yield  (5), 

3.  Tetrapropylhydrazine 

Tetrapropylhydrazine  is  prepared  in  Uo  tc  $0 % yield  from 
tripropylhydrazine  and  propyl  bromide  in  the  presence  of  magnesium  hydroxide 
(3),  A comparison  of  the  yield  of  the  tetrapropyl  with  that  of  the  tetra- 
ethylhydrazine indicates  the  relative  ease  with  which  longer  alkyl  groups  can 
be  substituted. 

U.  1, 2 -Dimethyl-1, 2-diisopropylhydrazine 

KLages  observed  that  sym . -dime thylhydrazine  and  isopropyl 
bromide  react  to  give  predominantly  1, 2-dimethyl-l, 2-diisopropylhydrazine, 
although  some  of  the  mono-isopropyl  derivative  is  also  formed  (13), 

V.  CONDENSATION  PRODUCTS  OF  HYDRAZINE  AND  SUBSTITUTED  HYDRAZINES  TTITH 

ALIPHATIC  CARBONYL  COMPOUNDS 

A,  A characteristic  reaction  of  hydrazine  and  its  mono-  and  unsym.- 
di-alkyl  derivatives  is  condensation  with  carbonyl  compounds.  Reduction  of 
these  hydrazine  derivatives  affords  a simple,  indirect  route  to  more  highly 
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V Condensation  Products  of  Hydrazine  and  Substituted 
Hydrazines  with  Aliphatic  Carbonyl  Compounds,  A (cont.) 


substituted  alkylhydrazines , Many  of  these  condensation  products  are  known 
for  hydrazine,  but  few  are  reported  for  its  derivatives.  The  compounds  that 
lie  within  the  scope  of  this  review  cf  a! kylhydrazines  are  briefly  discussed 
below. 


1.  Formaldehyde  Hydrazone.  CH2  ” NNH2 

The  simplest  hydrazine-carbonyl  condensation  product  is 
f ormalriahyd -2  hydrazone . It  has  been  reported  as  a solid  trimer  (6l) . 

2.  Acctone_H^drazoiie,  j 

The  lowest  member  cf  the  ketohydrazone  series  is  acetone 
hydrazone,  Vcn  Rotheriburg  prepared  it  by  the  reaction  between  acetoxime  and 
hvdrazine  hydrate  (62), 


3.  Forma lazine , CHg  “ NN  = CH^ 

Pulvermacher  was  unsuccessful  in  attempting  to  reduce  this 
compound  to  sym. -dimethyl-hydrazine  (63). 


U.  Acetalazine,  CH3CR  “ NN  a CHCH3 

Acetalazine  was  prepared  only  recently  by  Seibert  during  his 
investigation  of  the  Wolff -Kishner^-Staudinger  reaction  (6U) , 


5.  Dime thylketaz ine , (CH3)2  ^ * NN  * C(CH-)g 

Curtius  found  it  necessary  to  cool  the  reaction  vessel  in 
which  he  prepared  dimethylketazine  because  the  reaction  was  quite  exothermic 
(65).  He  produced  the  compound  in  7h%  yield.  Thiele,  who  unsuccessfully 
attempted  its  reduction  electrolytic ally,  has  suggested  dimethylketazine  as  a 
substitute  for  benzalazins,  the  hydrazine  derivative  which  is  alkylated  in 
the  preparation  of  mono-alkylbydrazines.  The  Curtius  method  was  also  followed 
by  Lochte  and  his  co-workors  (10). 


6 . iiethylethyikotazine , (C^XCRjCI^C  = NN  =*  C (C^C^iCH^ 


Methylethylketazine  was  prepared  by  Curtius  in  7l%  yield  (65). 
Barrick  recommends  using  a $0%  excess  of  methyl  ethyl  ketone  to  improve  the 
yield  (10). 


7.  Methylpropylketazine,  (C^KC^CI^CHgJC  * NN  * C^HoCI^CH^CH^ 

Curtius  reports  a yield  of  $7%  of  this  compound  (65) . The 
relative  reactivity  of  methylpropy  Ike  tone  with  hydrazine  and  the  comparative 
lower  yield  indicate  that  the  smaller-  the  alkyl  groups  on  the  carbonyl  com- 
pound, the  greater  the  extent  of  condensation. 


6 


Diethylketazine , (CfoC^^O  °s  NN  3 

This  compound  was  prepared  in  lh%  yield  by  Curtius  (65). 
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Hydrazines  with  Aliphatic  Carbonyl  Compounds,  A (cont.) 

9*  Formaldehyde  1 , 1 -dime thy Ihydr az one , CH2  = NN^H^g 

Class  and  Aston  had  little  apparent  difficulty  in  preparing 
this  derivative  from  a concentrated  aqueous  solution  of  unsym.-dimethylhydrazine 
and  h0%  formalin  solution,  although  their  yield  was  not  reported  (i6) . They 
used  the  anhydrous  product  in  the  preparation  of  trimethylhydrazine . iOages 
prepared  this  hydrazone  in  90%  yield  and  used  it  for  the  preparation  of 
1,  l-dl  methyl-2  -e  thy  Ihydr  azine  by  me+hylatio:a,  but  he  was  unsuccessful  in  his 
attempt  to  reduce  it  because  it  formed  a resin  on  the  catalyst  (13)  • 

10 ♦ Formaldehyde  1, 1-diethylhydrazone,  CH23  NNCCKfcCH^g 

Westphal  and  Eucken  prepared  this  compound  in  U8/5  yield,  as 
a starting  material  for  the  preparation  of  triethy Ihydr  azine  (3). 

11#  Acetaldehyde  1 , 1-dime thy Ihydr azone,  CH^CH3  NN  ( CH3  ) g 

This  hydrazone  was  prepared  in  80S  yield  by  KLages  (13), 

12*  Acetone  Isopropylhydrazone,  (CH-^gC^NNHCl^CH^Jg 

Reddelien  used  zinc  chloride  as  a catalyst  for  the  preparation 
of  this  ketohydrazone  (70%  yield)  (66),  Lochte  and  co-workers  found  that  a 
mole  to  mole  ratio  of  reactants  in  an  equal  volume  of  absolute  alcohol,  afforded 
a mixture  from  which  acetone  isopropylhydrazone  could  be  distilled  in  80£  yield 
(8,  10),  The  hydrazone  was  used  to  prepare  azo-isopropane. 

B.  The  liquid  hydrazones  and  azines  have  chemical  and  physical  proper- 
ties much  like  the  hydrazines  from  which  they  are  derived.  In  addition,  these 
derivatives  appeared  to  be  quite  resistant  to  reduction.  Lochte  (7)  alludes 
to  a statement  by  Wjeland  that  purely  aliphatic  aldazines  are  not  reducible 
and  concludes  that  ketazines  also  fall  within  this  category.  Mailhe  was  suc- 
cessful in  reducing  ketazines.  using  the  Sabatier-Senderens  method  of  catalytic 
reduction  over  hot  nickel  (67),  The  dominant  products,  however,  were  amines. 
Lochte  confirmed  the  fact  that  no  neutral  or  alkaline  reducing  cgents,  e,g., 
aluminum  amalgam,  iron  powder,  sodium  in  ethanol,  sodium  amalgam  in  neutral, 
or  alkaline  solution,  were  effective.  After  an  extensive  survey  of  the  litera- 
ture on  reduction,  Skita * s (38)  method  of  hydrogenation  with  palladium  catalyst 
was  singled  out  by  Lochte  and  his  co-workers  for  the  preparation  of  the  lower 
alkyl  hydrazines, 

VI.  QUANTITATIVE  ANALYSIS  OF  HYDRAZINE  COMPOUNDS 


While  there  are  certain  specific  characteristics  that  all  hydrazine 
compounds  possess  as  a class,  the  analysis  of  these  compounds  by  such  properties 
is  made  difficult  1/  the  fact  that  often  it  is  a mixture  of  similar  compounds 
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that  must  be  analyzed.  In  the  case  of  hydrazine  itself,  the  common  impurities 
are  water  and  ammonia,  and  the  titration  by  potassium  iodate  of  a hydrochloric 
acid  solution  of  the  sample  to  the  iodine  mor.ochloride  endpoint  serves  as  an 
excellent  method  of  analysis,  liethylhydrazine  has  also  been  successfully 
analyzed  by  this  method  (15).  A wide  variety  of  hydrazine  derivatives  have 
been  quantitatively  analyzed  by  potentiometric  titration  (68),  employing 
iodate  as  the  oxidizer.  In  many  eases,  fractional  electron  changes  were  noted, 
but  these  changes  were  sufficiently  reproducible  so  that  the  method  can  be 
used  when  a high  degree  of  accuracy  is  not  needed.  The  quantitative 
precipitation  as  an  insoluble  salt  (e.g.,  the  picrate)  has  been  used  for  the 
determination  of  hydrazine  compounds,  but  by  far  the  greatest  number  of 
investigators  have  used  standard  carbon,  hydrogen,  and  nitrogen  analyses 
for  the  identification  of  the  compounds  under  study. 
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